The sequences of the nuclear ribosomal internal transcribed spacer (ITS) region were analysed for 28 representatives of Lilium, one Nomocharis species and three outgroup taxa of Lilieae (Notholirion, Fritillaria and Cardiocrinum). 17 of the 20 members of Lilium sect. Liriotypus were included. A maximum parsimony analysis was carried out for the phylogenetic reconstruction. The results are not completely congruent with sectional delimitations of L. sect. Liriotypus based on morphological characters. They confirm the previous suggestion that L. sect. Liriotypus is monophyletic only if L. bulbiferum is excluded and placed in L. sect. Sinomartagon. The monophyly of the remaining L. sect. Liriotypus receives good support from bootstrap analysis. It can be divided into two groups, one comprising NE Turkish-Caucasian species and another the European species, L. candidum and the two Turkish endemics L. ciliatum and L. akkusianum. The results also show that L. ponticum cannot be included within the so-called L. carniolicum group of lilies.
Introduction
The genus Lilium L. includes approximately 100 species distributed mainly in temperate regions throughout the northern hemisphere. Infrageneric classification of Lilium is subject of considerable discussion and the number of sections used differs depending on the author. Based on flower shape, Baker (1871) . Again using flower shape, but also using the position of the anthers, Wilson (1925) divided the genus into four sections similar to those of Baker's classification. The difference between the classification of the two authors is that Wilson (1925) includes in L. sect. Archelirion only L. auratum, the type species of this section, while he placed the other members of Bakers's (1871) section into L. sect. Martagon. Comber (1949) reclassified the genus Lilium into seven sections using 15 diagnostic characters, not only of the flower and the growth habit, but also of the germination and bulb structure. Baranova (1988) nese Lilium species and suggested further use of this region in a broader sampling of taxa. Their results were congruent with Comber's (1949) morphological classification. However, no representatives of L. sect. Liriotypus were included because they do not occur in that area. At the same time Nishikawa & al. (1999) showed that the nrDNA ITS region is a useful marker to unravel the phylogenetic relationships and section delimitations of Lilium. Their study of 55 species of Lilium included representatives of all sections according to the classification by Comber (1949) but only six species of the European L. sect. Liriotypus. The latter section did not form a monophyletic group, because L. bulbiferum was shown to be more closely related to L. sect. Daurolirion than to the other members of L. sect. Liriotypus. The present paper analyses the phylogenetic relationships of Lilium sect. Liriotypus based on a phylogenetic analysis of sequence variation of the nuclear ribosomal ITS region with a comprehensive sampling representing 17 of the section's 20 members. It aims at a better understanding of the biogeography and evolution of L. sect. Liriotypus and of the origin of the European lilies. Following the taxonomic view of Popova (1966) and Muratovi6 (2005) rather than of Mathews (1980), we recognise L. bosniacum, L. jankae and L. albanicum as distinct species and not as varieties of a polymorphic L. carniolicum.
The present authors performed also a preliminary study with the sequences of the trnL (UAA) intron and the intergenic spacer region between the trnL (UAA) 3' exon and the trnF (GAA) gene of the chloroplast DNA on nine species of Lilium sect. Liriotypus. Amplifications were performed using the universal primers of trnl-c, trnl-d, trn-e and trnl-f of Taberlet (1991). However, it was seen that there is no variable nucleotide position for a phylogenetic reconstruction. Therefore these chloroplast sequence data were not included in our analysis.
Material and methods
Plant material. Davis & Henderson (1970) , Stoker (1938 Stoker ( , 1939 , Synge (1980) , Matthews (1980) and personal observations.
(Royle) Stapf, Fritillaria latifolia Willd. and Cardiocrinum giganteum (Wall.) Makino were used (Table 2) . Leaf material was collected in the field and dried in silica gel; in addition leaf probes were prepared from herbarium specimens.
DNA isolation, amplification and sequencing. -Using the protocol provided by the manufacturer, total DNA was extracted from 20-25 mg of silica-gel dried leaves or leaves from herbarium material using Qiagen DNeasy Plant Mini Kit (Qiagen, Hilden, Germany). The ITS region was amplified in two pieces due to usage of herbarium material, since the degraded DNA was easier to amplify in short pieces. The ITS1 region was amplified by using the primers ITS5 (White & al. 1990 ) and ITS1P2, which was designed by Ochsmann (2000) for Centaurea L. ITS2 was amplified using the primers ITS3 and ITS4 designed by White & al. (1990) . Amplification conditions were 94°C (2 min) initial denaturation, 40 cycles of 94°C (20 s) denaturation, 55°C (45 s) annealing, 72°C (1 min) elongation and 72°C (10 min) final elongation. PCR products were purified by Montage PCR Centrifugal Filter Device (Millipore Company). Cycle sequencing of purified PCR products was performed by using the CEQ Dye Terminator Cycle Sequencing Start Kit (Beckman Coulter) and sequences were analysed in a CEQ 8000 automated sequencer (Beckman Coulter). All new nrDNA ITS sequences were submitted to the EMBL sequence data bank (accession numbers given in Table 2 ).
Sequence analysis. -Limits of the ITS-1, the 5.8S rRNA gene and ITS-2 were determined by comparison with published sequences. DNA sequences were aligned using ClustalX (Thompson & al. 1997 ) and the alignment was corrected manually, following the guidelines by Kelchner (2000) .
Phylogenetic reconstruction. -Maximum parsimony analyses of the data set were performed using the heuristic search algorithm of PAUP* version 4.0b10 (Swofford 2002 ) with ACCTRAN; MULPARS and tree-bisection-reconnection (TBR) branch swapping in action. 1000 addition sequence replicates were performed to locate potential islands of the most parsimonious trees. Character states were specified unordered and unweighted and gaps in aligned sequences were treated as missing data. The transitions/transversions ratio was set equal. A bootstrap analysis was performed for the measurement of clade support with the following settings: 100 bootstrap replicates with 10 random addition sequence replicates per bootstrap replicate.
Results
The data matrix obtained from nr ITS sequences comprised 32 taxa and contained 663 sites. Among these, 384 (58 %) were constant, 128 (19 %) were variable but parsimony-uninformative and 151 (23 %) were parsimony-informative. The heuristic parsimony search generated 816 equally most parsimonious trees with a length of 558 steps, a consistency index (CI, excluding uninformative characters) of 0.4717, homoplasy index (HI, excluding uninformative characters) of 0.5283 and a retention index (RI) of 0.6687. The strict consensus tree of these 816 most parsimonious trees and bootstrap percentages (BP) for monophyletic groups is shown in Fig. 2 
Discussion
Systematics. -Based on the resulting phylogenetic trees, Lilium sect. Liriotypus is only monophyletic if L. bulbiferum is excluded. This confirms the corresponding results of Nishikawa & al. (1999) and Hayashi & Kawano (2000) . Hence, the recent molecular studies, including our study, do not support Comber's (1949) 
Isolirion with other erect-flowering lilies from North America and E Asia. Wilson (1925) and later Baranova (1988) The length of trees is 558 steps, the consistency index (CI, excluding uninformative characters) = 0.4717, the homoplasy index (HI, excluding uninformative characters) = 0.5283, the retention index (RI) = 0.6687. Sectional names of the genus Lilium are given according to the classification of Comber (1949). sect. Martagon. In the study by Nishikawa & al. (1999) L. bulbiferum is placed in L. sect. Daurolirion, which is closely related to L. sect. Sinomartagon. The study by Hayashi & Kawano (2000) revealed a similar result. The position of L. bulbiferum is discussed in more detail in the following section in the light of morphological and other source of evidence.
Classification of the remaining species of Lilium sect. Liriotypus is less controversial apart from the question whether they should be included in L. sect. Martagon, as proposed by Baker (1871) and Wilson (1925) , or in L. sect. Liriotypus. The type species of L. sect. Martagon, L. martagon differs from all other European lilies by having a verticillate leaf arrangement. In our phylogenetic trees this species is grouped with other E Asian species. Therefore, it is reasonable to conclude that the European lilies should be placed in L. sect. Liriotypus, not in sect. Martagon. Baranova's (1988) section Eurolirium (the type of the section name is L. pyrenaicum) includes all the species of section Liriotypus except L. candidum, which has trumpet shape flowers. Our results clearly indicate that L. candidum should not be classified in a unispecific section, because this would make the remaining group paraphyletic.
Morphological data and other evidence in conjunction with the phylogeny based on ITS. -In the group of species forming Lilium sect. Liriotypus, only L. bulbiferum has upward-facing flowers. Such a type of floral morphology is seen in other lilies from North America and Asia, where they have a scattered distribution. Because of their wide distribution range and little specialized flowers, Stoker (1939) considered these species as primitive. In contrast, Comber (1949) expressed the view that upward facing flowers appeared later as a result of parallel evolution in response to drier environmental conditions with less need to protect the pollen. Lighty (1968) proposed that L. bulbiferum shares common ancestors with the members of L. sect. Sinomartagon and L. dauricum, which gave rise to L. bulbiferum through a different evolutionary pathway, rather than with other European lilies. This last hypothesis gains support from our study, as well as the hypothesis does that the upward-facing flowers of L. bulbiferum are plesiomorphic in Lilium.
The other morphologically divergent species is Lilium candidum with snow-white, open funnel-shaped flowers, whereas the remainder of L. sect. Liriotypus has yellow or red Turk's cap flowers. The inner perianth segments of L. candidum are not papillose and are not distinctly hollow and with the stamens shorter than the style. Hibernating basal leaves arising from the bulb scales are seen only in L. candidum, which also has radical leaves. Lighty (1968) considers L. candidum as an evolutionary terminus of the route that prior gave rise to the other species of section Liriotypus.
Although their floral morphology is quite different from each other, the long-ciliate hairs on the leaf margins and on the flower buds of Lilium ciliatum and L. akkusianum are unique in the section. L. ciliatum has small, complete Turk's cap flowers, whereas L. akkusianum has large tepals, which are only slightly recurved at the tips. Karyological studies of L. ciliatum (Özdemir 2003) show 2n = 24 acrocentric chromosomes, two pairs of which were shorter than the others. There are no chromosome data for L. akkusianum, which was recently described (Gämperle 1998) .
jankae, L. pomponium and L. rhodopaeum. In this group L. albanicum, L. bosniacum and L. jankae are often classified as subspecies or varieties of L. carniolicum, which is assumed to be a polymorphic species because of its variable flower colour and leaf indumentum (Grey-Wilson 1982 , Stoker 1938 . In this group L. jankae has yellow, strongly reflexed Turk's cap flowers and evenly pubescent veins on the ventral leaf face (Synge 1980) . L. bosniacum has yellow or orange Turk's cap flowers with the leaf indumentum varying from glabrous to hairy. L. albanicum has yellow Turk's cap flowers and glabrous leaves and L. carniolicum has orange-red Turk's cap flowers with hairs on the on the ventral leaf face (Turrill 1953) . A distinct species, L. rhodopaeum, is intermediate between L. carniolicum and the L. monadelphum-szovitsianum group (Synge 1980 ) and has lemon-yellow flowers with barely reflexed tepals. L. pyrenaicum has small, yellow Turk's cap flowers, L. pomponium has bright red Turk's cap flowers with papillose inner perianth segments. is excluded. Our results support the hypothesis that European species derived from three different routes; first L. martagon colonized Europe, a second route gave rise to L. bulbiferum and the last route gave rise to all other European Lilium species including L. candidum. Our analysis also shows that L. ponticum (incl. L. artvinense) is no part of the L. carniolicum group.
